A0-A177  828  GROOVE  ADHESION  TEST  FOfi  ELECTRODEPOS1TED  CHROMIUMtO) 
ARMV  ARMAMENT  RESEARCH  DEVELOPMENT  AND  ENGINEERING 
CENTER  HATERVLIET  NV  BENET  UEAPONS  LAB  S  K  PAN  ET  AL 
UNCLASSIFIED  JAN  87  ARCCB-TR-87882  F/G  li/S 


Hi! 

■ 

II 

■ 

HU 

■ 

1 

AD-A177  828 


AD 


TECHNICAL  REPORT  ARCCB-TR-87002 


GROOVE  ADHESION  TEST  FOR 
ELECTRODEPOSITED  CHROMIUM 


S.  K.  PAN 
E.  S.  CHEN 


JANUARY  1987 


US  ARMY  ARMAMENT  RESEARCH,  DEVELOPMENT 
AND  ENGINEERING  CENTER 

CLOSE  COMBAT  ARMAMENTS  CENTER 
BEN^T  WEAPONS  LABORATORY 
WATERVLIET,  N.Y.  12189-4050 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED 


( 


DISCLAIMER 


The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless  so  designated  by  other  authorized 
documents. 

The  use  of  trade  name(s)  and/or  manufacturer(s)  does  not  constitute 
an  official  indorsement  or  approval. 


DESTRUCTION  NOTICE 

For  classified  documents,  follow  the  procedures  in  DoD  5200. 22-M, 
Industrial  Security  Manual,  Section  11-19  or  DoD  5200. 1-R,  Information 
Security  Program  Regulation,  Chapter  IX. 

For  unclassified,  limited  documents,  destroy  by  any  method  that  will 
prevent  disclosure  of  contents  or  reconstruction  of  the  document. 

For  unclassified,  unlimited  documents,  destroy  when  the  report  is 
no  longer  needed.  Do  not  return  it  to  the  originator. 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whmn  Dmtm  Entfd) 


REPORT  DOCUMENTATION  PAGE 


REPORT  NUMBER 


ARCCB-TR-87002 


«.  TITLE  (end  Subtitle) 

GROOVE  ADHESION  TEST  FOR  ELECTRODEPOSITED 
CHROMIUM 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


3.  RECIPIENT'S  CATALOG  NUMBER 


S.  TYPE  OP  REPORT  ft  PERIOD  COVERED 


Final 


ft.  PERFORMING  ORG.  REPORT  NUMBER 


7.  authors 

S.  K.  Pan  and  E.  S,  Chen 


B-  CONTRACT  OR  GRANT  NUMBERfaJ 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  ft  WORK  UNIT  NUMBERS 

AMCMS  No.  6111.02.H600.0 
PRON  No.  1A6DZ602NMSC 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADORESS 

US  Army  Armament  Research,  Develop,  &  Eng r  Center 
Benet  Weapons  Laboratory,  SMCAR-CCB-TL 
Watervl iet,  NY  12189-4050 


It.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS  t2.  REPORT  OATE 

US  Army  Armament  Research,  Develop,  &  Engr  Center  January  1987 

Close  Combat  Armaments  Center  ts.  number  of  pages 

Dover,  NJ  07801-5001  _ 16 _ 


4.  MONITORING  AGENCY  NAME  ft  AODRESSf//  dl  Horen  t  from  Controlling  Ollleo)  IS.  SECURITY  CLASS,  (o I  thlo  report) 


UNCLASSIFIED 


ISa.  oeclassification/downgrading 
schedule 


■  S.  DISTRIBUTION  STATEMENT  (ol  thlo  Report) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (ol  the  obotraet  entered  In  Block  20,  II  dlltoront  from  Report) 


ta.  supplementary  notes 

Presented  at  the  International  Conference  on  Metallurgical  Coatings, 
San  Diego,  California,  7-11  April  1986. 

Published  in  Proceedings  of  the  Conference. 


t$.  KEY  WORDS  (Continue  on  rererue  aide  II  neceeaery  and  Identity  by  block  number) 

Adhesion  Test 

Electrodeposit 

Chromium 


20.  ABSTRACT  (Cootkme  am  rereree  ot*a  It  nmeaeeeay  mad  Identity  by  block  number) 

~TA  quantitative  test  has  been  devised  to  evaluate  the  adhesion  of  electro- 
deposited  chromium  on  steel  substrates.  The  test  involves  the  cutting  of 
parallel  grooves  across  a  plated  surface  using  a  small  metal  shaper  equipped 
with  a  carbide  tool.  The  grooves  are  cut  at  a  depth  just  below  the  interface 
and  shearing  stresses  are  generated  which  can  produce  failure  of  the  coating. 

In  general,  varying  amounts  of  residual  chromium  are  left  on  the  surface  of  th« 

(CONT’D  ON  REVERSE) 


FORM 
JAM  73 


EDITION  OF  I  MOV  6S  IS  OBSOLETE 


UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dote  Entered) 


20.  ABSTRACT  (CONT'D) 

ands  depending  on  the  relative  cohesive  and  adhesive  bond  strengths  of  the 
electrodeposited  chromium.  Energy  dispersive  x-ray  analysis  is  used  to  map  the 
distribution  of  residual  chromium  and  obtain  an  intensity  count.  The  ratio  of 
intensity  count  normalized  against  a  reference  of  100  percent  chromium  coverage 
provides  a  quantitative  measurement  of  adhesion.  The  groove  adhesion  test  was 
Pound  to  be  equally  applicable  for  the  evaluation  of  both  hard  chromium  and  soft 
;hromium  deposits. 


:  Accersr!  on  For 


l  IV.:  > 

i- . 


i ti 


'  °T,C  \ 

«OPY  ! 
IfrtPECTC* J 

r  y 


_ UNCLASSIFIED _ 

•  SECUHITY  CLASSIFICATION  OF  THIS  FAOCPWi*"  Emtttd) 


TABLE  OF  CONTENTS 


Page 

ACKNOWLEDGEMENT  i  i 

INTRODUCTION  1 

EXPERIMENTAL  PROCEDURES  2 

Grooving  2 

Evaluation  of  Fracture  Surface  3 

RESULTS  AND  DISCUSSION  4 

CONCLUSIONS  7 

REFERENCES  8 

TABLES 

I.  GROOVE  ADHESION  TEST  DATA  ON  VARIOUS  BONDING  OF  ELECTRODEPOSITED  5 

CHROMIUM  ON  STEEL 

II.  EVALUATION  OF  ADHESION  OF  CHROMIUM  COATING  AND  COMPARISON  OF  6 

EROSION  DATA 

LIST  OF  ILLUSTRATIONS 

1.  Schematic  diagram  of  the  groove  adhesion  test  apparatus.  9 

2.  Geometry  of  grooving  tool.  10 

3.  Energy  dispersive  x-ray  analysis  set  up  for  the  evaluation  of  11 

groove  adhesion  test. 

4.  Photograph  and  chromium  x-ray  mapping  of  electrodeposited  chromium  12 

showing  good  adhesion. 

5.  Photograph  and  chromium  x-ray  mapping  of  electrodeposited  chromium  13 

showing  poor  adhesion. 

6.  Photograph  and  chromium  x-ray  mapping  of  reference  specimen.  14 


ACKNOWLEDGEMENT 


The  authors  wish  to  express  their  appreciation  to  their  colleague  Leo 
McNamara  for  SEM  analysis. 


£ 


INTRODUCTION 


Electrodeposited  coatings  are  commonly  used  to  improve  the  decorative 
appeal  of  metal  surfaces  and  to  protect  them  against  corrosion  and  wear.  In 
all  such  applications,  adhesion  is  a  parameter  of  primary  consideration 
because  it  determines  whether  or  not  a  coating  will  become  detached  during 
service.  The  need  to  evaluate  coating  adhesion  is  apparent;  however,  the 
difficulty  is  that  very  often,  individual  adhesion  tests  must  be  developed 
to  meet  a  specific  need. 

A  large  number  of  methods,  both  qualitative  and  quantitative,  are  used  to 
measure  adhesion.  Descriptive  accounts  of  these  methods  are  available  in  ASTM 
standards  (ref  1),  journal  articles,  and  critical  reviews  (refs  2-6).  In 
general,  the  selection  of  a  suitable  adhesion  test  method  depends  to  a  large 
extent  on  whether  thin  films  or  thick  coatings  are  to  be  tested  and  whether 
the  coatings  are  hard  and  brittle  or  soft  and  ductile.  For  hard,  thin  films, 
the  scratch  test  has  been  found  to  be  capable  of  providing  a  quantitative 
measure  of  adhesive  strength.  The  basic  model  was  derived  on  the  assumption 
that  the  interface  is  subjected  to  a  shear  force  produced  by  the  motion  of  a 
loaded  stylus.  Adhesion  strength  is  identified  with  the  critical  load  at 
which  the  coating  spalls. 

Generally,  thick,  brittle  deposits  are  not  amenable  to  the  scratch  test 
unless  a  chisel  or  other  sharp  instrument  is  used  in  conjunction  to  expose  the 
coating/substrate  interface  (ref  1).  The  groove  test  (ref  7)  was  developed 
using  features  associated  with  the  hybrid  scratch  test.  In  this  case,  coating 
failure  is  produced  by  the  grooving  action  of  a  shaper  cutting  tool.  As  a 


References  are  listed  at  the  end  of  this  report. 


qualitative  tool,  optical  microscopy  is  used  to  examine  the  exposed  inter¬ 
facial  area  of  a  failed  region;  however,  quantified  adhesion  strength  can  also 
be  obtained  when  analytical  instrumentation  is  applied  to  determine  the  degree 
of  exposed  interfacial  area.  This  report  describes  the  use  of  energy  disper¬ 
sive  x-ray  analysis  (EDAX)  with  the  groove  test.  Quantitative  adhesion 
measurements  of  thick  chromium  deposition  on  steel  are  presented. 

EXPERIMENTAL  PROCEDURES 

The  groove  test  was  developed  specifically  to  evaluate  the  adhesion  of 
chromium  electrodeposits  on  steel  substrates.  The  test  procedure  involves 
(a)  cutting  parallel  grooves  across  the  plated  surface  to  induce  coating 
failure,  and  (b)  analyzing  the  fractured  surface  with  EDAX  to  determine  the 
relative  concentrations  of  residual  chromium  and  exposed  steel.  The  ratio  of 
intensities  of  residual  chromium  to  a  reference  of  100  percent  chromium  pro¬ 
vides  a  quantitative  measure  of  adhesion  strength. 

Grooving 

The  procedures  for  conducting  the  groove  test  have  been  reported  in 
earlier  publications  (refs  7-8).  For  this  test,  specimen  geometry  is  not  cru¬ 


cial  provided  the  specimen  can  be  held  securely  for  a  cutting  tool  to  traverse 
evenly  across  the  plated  surface.  In  this  study,  a  small  metal  shaper 
equipped  with  a  carbide  tool  is  used  to  cut  parallel  grooves  on  the  surface  of 
chromium  plated  steel  samples  as  illustrated  in  Figure  1.  Since  shear 
stresses  necessary  to  fracture  the  coating  are  generated  by  the  grooving  tool, 
the  correct  geometry  of  the  tool  tip  is  critical  to  achieve  optimum  stresses 
consistently.  From  tests  with  different  tool  configurations,  the  best  design 
was  found  to  be  a  tip  machined  with  a  top  rake  angle  of  15  degrees  and  an 
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included  angle  of  90  degrees.  Figure  2.  Other  test  parameters  remain 
unchanged,  i.e.,  deposit  thickness  >  75  pm,  grooving  depth  at  0.3  mm  below  the 
coating/substrate  interface,  and  a  groove  separation  of  1.0  mm. 

Evaluation  of  Fracture  Surface 

When  the  chromium  coating  is  delaminated  by  the  grooving  process,  frac¬ 
ture  takes  place  either  at  the  chromium/steel  interface  or  within  one  of  the 
metals  depending  on  the  relative  cohesive  and  adhesive  bond  strengths. 

Because  chromium  deposits  contain  microcracks  and  are  highly  stressed,  it  is 
reasonable  to  assume  that  delamination  will  occur  in  the  chromium  deposit 
and/or  chromium/steel  interface.  Therefore,  the  amount  of  chromium  remaining 
on  the  land  surfaces  (area  between  grooves)  provides  a  measure  of  adhesion  of 
chromium  to  steel. 

Energy  dispersive  x-ray  mapping  is  employed  to  reveal  the  chromium 
distribution  on  the  fractured  surface.  Figure  3.  The  chromium  x-ray  intensity 
is  proportional  to  the  amount  of  residual  chromium  on  the  surface.  The  total 
intensity  is  counted  for  a  given  period  of  time,  e.g.  100  seconds,  and  nor¬ 
malized  against  a  reference  intensity  of  a  100  percent  chromium  coverage.  The 
degree  of  chromium  adhesion  to  the  steel  substrate  is  calculated  in  terms  of 
percent  of  coverage. 

An  ETEC  Autoscan-Ul  scanning  electron  microscope  furnished  with  an  energy 
dispersive  analyzer,  KEVE-7000,  was  used  in  the  analysis.  The  grooved  speci¬ 
men  was  cleaned  to  remove  the  loose  fragments  and  particles  of  the  fractured 
chromium  in  preparation  for  scanning  electron  microscopy.  Test  specimens  were 
tilted  30  degrees  from  a  horizontal  position  toward  the  electron  detector  to 


obtain  the  overall  surface  image.  The  specimens  were  subsequently  tilted  to 
40  degrees  and  the  condenser  lens  current  in  the  microscope  set  at  1.5  Amp  for 
the  chromium  x-ray  mapping  and  intensity  counting  over  a  period  of  100 
seconds.  The  electron  beam  was  generated  at  20,000  volts. 

An  identical  specimen  grooved  by  precision  grinding  to  insure  perfect 
chromium  coverage  on  the  lands  was  used  as  a  reference  of  100  percent  chromium 
adhesion.  The  reference  specimen  was  tested  under  the  same  conditions  as  the 
fractured  specimens  to  obtain  intensity  counting  for  normalization. 

RESULTS  AND  DISCUSSION 

The  groove  adhesion  test  was  used  to  sample  a  large  group  of  chromium 
plated  steel  specimens.  The  tests  were  divided  into  two  categories. 

Specimens  in  the  first  category  were  plated  using  pretreatment  processes  known 
to  produce  different  degrees  of  adhesion.  Four  degrees  of  adhesion  were  pro¬ 
duced  and  classified  as  excellent,  good,  fair,  and  poor.  Table  I  shows  a  com¬ 
parison  of  the  groove  adhesion  test  data  with  the  known  values.  Figures  4 
and  5  show  typical  chromium  x-ray  mapping  of  specimens  with  good  adhesion 
and  poor  adhesion.  Figure  6  illustrates  the  distribution  of  perfect  chromium 
coverage  on  the  reference  specimen. 

From  these  results,  it  is  clear  that  the  groove  adhesion  test  has  the 
sensitivity  to  differentiate  the  degree  of  chromium  coating  adhesion  to  the 
steel  substrate  with  respect  to  both  the  strength  and  the  uniformity  of  inter¬ 
facial  bonding.  Because  the  chromium  x-ray  can  be  produced  by  both  the  inci¬ 
dent  electron  beam  and  the  iron  x-ray,  these  measurements  can  theoretically 
include  some  error  contributed  from  the  fluorescent  x-ray  induced  by  the  exci¬ 
tation  of  iron  x-ray  in  the  steel  substrate.  Since  the  chromium  x-ray 
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intensity  counting  and  mapping  are  based  on  the  chromium  x-ray  produced  only 
by  the  incident  electron  beam  striking  the  residual  chromium  on  the  fractured 
surface,  it  is  necessary  to  assure  that  the  iron  x-ray  bordering  chromium  does 
not  contribute  to  an  enhancement  of  x-ray  intensity.  Tests  were  conducted 
showing  that  this  was  indeed  the  case.  The  effect  on  the  counting  of  chromium 
intensity  was  negligible  and  no  effect  was  observed  on  the  chromium  x-ray 
mapping . 


TABLE  I.  GROOVE  ADHESION  TEST  DATA  ON  VARIOUS  BONDING 
OF  ELECTRODEPOSITED  CHROMIUM  ON  STEEL 


Specimen 

No. 

Substate  Surface 
Preparation 

Coating 

Thickness 

(M) 

Groove 

Adhesion  Test 

Chromium 

(%) 

Chromium 

Distribution 

CR1ML 

Reference 

25 

100 

Completely 

Covered  (Fig.  6) 

HC4P1 

Excel  lent 

168 

73 

Uniform  (Fig.  4) 

HC4P3 

Good 

177 

66 

Spotty 

HC4P7 

Fair 

147 

42 

Spotty 

HC4P5 

Poor 

147 

37 

Area  (Fig.  5) 

The  fracturing  of  coatings  by  grooving  is  a  complicated  process.  The 
mechanism  of  coating  delamination  is  beyond  the  scope  of  this  study.  However, 
the  parameters  of  importance  to  the  grooving  process,  such  as  tool  geometry, 
groove  speed,  groove  depth,  and  groove  separation,  which  determine  the  sen¬ 
sitivity  and  reproducibility  of  the  method,  have  been  optimized  experimentally 
and  reported  previously  (refs  7-8).  A  double-tip  tool  has  been  designed  for 
future  testing.  The  design  is  based  on  the  depth  of  cut  and  the  separation  of 
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the  groove  for  producing  a  land  of  constant  width  and  acted  on  by  a  uniform 
shear  stress.  It  is  expected  tnat  this  refinement  will  improve  the  con¬ 


sistency  of  test  conditions. 

In  order  to  compare  the  results  of  the  groove  adhesion  test  to  the  proof 
firing  test,  the  second  category  of  test  specimens  was  prepared  from  the  chro¬ 
mium  plated  extension  rings  of  the  120  mm  M256  gun  tubes.  Chromium  coatings 
were  rated  by  firing  tests  and  grouped  into  good,  medium,  and  poor.  Table  II 
lists  both  test  data,  the  proof  firing  test  (after  13  rounds)  showing  chromium 
loss  area  in  (mm2),  and  the  groove  adhesion  test  showing  residual  chromium  on 
land  area  in  (ft).  There  is  good  agreement  between  the  two  tests  for  the  spec¬ 
imens  rated  in  the  groups  of  good  and  medium.  However,  in  the  group  of  poor 
the  chromium  coatings  have  much  better  adhesion.  It  is  quite  reasonable  to 
assume  that  the  high  chromium  loss  from  those  good  adhesion  coatings  is  of 
cohesive  fracture,  i.e.,  instead  of  chromium  breaking  off  from  the  interface 
of  the  coating  and  steel,  it  flaked  off  the  coating  partially. 


TABLE  II.  EVALUATION  OF  ADHESION  OF  CHROMIUM  COATING 
AND  COMPARISON  OF  EROSION  DATA 


Specimen 
Rinq  No. 

Proof 

Firinq  Test 

RB8H 

Groove 

Adhesion  Test 

Cr  Loss  (mm2) 

Cr  (ft) 

Cr  Distribution 

212 

10 

146 

81.8 

— 

Uniform 

215 

Good 

0 

146 

57.2 

Uniform 

223 

_ 

_ 

20 

113 

_ 

87.8 

Uniform 

1 

239 

400 

1 

130 

64.4 

Spotty 

241 

Med i um 

500 

135 

68.4 

Spotty 

248 

200 

136 

62.8 

Spotty 

270 

3835 

_ 

147 

95.4 

Uniform 

309 

Poor 

4187 

163 

85.8 

Uniform 

291 

5827 

178 

95.8 

Uniform 

w*r  WWVnWFWTTTrFT  ^  i  vi  v  ?>  l*v  ltw . 


CONCLUSIONS 

The  above  results  show  that  the  chromium  loss  data  include  both  the  adhe¬ 
sive  and  cohesive  fracture  of  chromium  coating.  SEM/EDAX  data  in  the  groove 
adhesive  test  reveals  only  the  adhesive  fracture  of  the  chromium  coating. 
Therefore,  evaluation  of  the  grooving  chips  to  determine  the  combination  of 
cohesive  and  adhesive  fracture  should  be  continued  in  groove  adhesion  tests. 
The  complete  groove  test  will  provide  the  method  of  chromium  plating  quality 
evaluation,  including  coating  adhesion  as  well  as  the  combination  of  the  cohe¬ 
sive  and  adhesive  bonding  strength  of  chromium  coating  on  gun  steel. 
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Figure  3.  Energy  dispersive  x-ray  analysis  set  up  For 
the  evaluation  of  groove  adhesion  test. 
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CAMERON  STATION 
ALEXANDRIA,  VA  22314 

COMMANDER 

US  ARMY  MAT  DEV  &  READ  COMD 
ATTN:  DRCDE-SG  1 

5001  EISENHOWER  AVE 
ALEXANDRIA,  VA  22333 


COMMANDER 

ARMAMENT  RES  &  DEV  CTR 

US  ARMY  AMCCOM 

ATTN:  SMCAR-FS  1 

SMCAR-FSA  1 

SMCAR-FSM  1 

SMCAR-FSS  1 

SMCAR-AEE  1 

SMCAR-AES  1 

SMCAR-AET-0  (PLASTECH)  1 

SMCAR-MSI  (STINFO)  2 

DOVER,  NJ  07801 

DIRECTOR 

BALLISTICS  RESEARCH  LABORATORY 

ATTN:  AMXBR-TSB-S  (STINFO)  1 


ABERDEEN  PROVING  GROUND,  MD  21005 

MATERIEL  SYSTEMS  ANALYSIS  ACTV 
ATTN:  DRXSY-MP 

ABERDEEN  PROVING  GROUND,  MD  21005  1 


NO.  OF 
COPIES 

COMMANDER 
US  ARMY  AMCCOM 

ATTN:  SMCAR-ESP-L  1 

ROCK  ISLAND,  IL  61299 

COMMANDER 

ROCK  ISLAND  ARSENAL 

ATTN:  SMCRI-ENM  (MAT  SCI  DIV)  1 

ROCK.  ISLAND,  IL  61299 

DIRECTOR 

US  ARMY  INDUSTRIAL  BASE  ENG  ACTV 
ATTN:  DRXIB-M  1 

ROCK  ISLAND,  IL  61299 

COMMANDER 

US  ARMY  TANK-AUTMV  R&D  COMD  1 

ATTN:  TECH  LIB  -  DRSTA-TSL 
WARREN,  MI  48090 

COMMANDER 

US  ARMY  TANK-AUTMV  COMD  1 

ATTN:  DRSTA-RC 
WARREN,  MI  48090 

COMMANDER 

US  MILITARY  ACADEMY 

ATTN:  CHMN,  MECH  ENGR  DEPT  1 

WEST  POINT,  NY  10996 

US  ARMY  MISSILE  COMD 
REDSTONE  SCIENTIFIC  INFO  CTR  2 

ATTN:  DOCUMENTS  SECT,  BLDG.  4484 
REDSTONE  ARSENAL,  AL  35898 

COMMANDER 

US  ARMY  FGN  SCIENCE  &  TECH  CTR 
ATTN:  DRXST-SD  1 

220  7TH  STREET,  N.E. 

CHARLOTTESVILLE,  VA  22901 


NOTE:  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH,  DEVELOPMENT,  AND  ENGINEERING 
CENTER,  US  ARMY  AMCCOM,  ATTN:  BENET  WEAPONS  LABORATORY,  SMCAR-CCB-TL , 
WATERVLIET,  NY  12189-4050,  OF  ANY  ADDRESS  CHANGES. 


TECHNICAL  REPORT  EXTERNAL  DISTRIBUTION  LIST  (CONT'D) 


NO.  OF 
COPIES 


COMMANDER 
US  ARMY  LABCOM 

MATERIALS  TECHNOLOGY  LAB  2 

ATTN:  SLCMT-IML 
WATERTOWN,  MA  01272 

COMMANDER 

US  ARMY  RESEARCH  OFFICE 

ATTN:  CHIEF,  IPO  1 

P.O.  BOX  12211 

RESEARCH  TRIANGLE  PARK,  NC  27709 
COMMANDER 

US  ARMY  HARRY  DIAMOND  LAB 

ATTN:  TECH  LIB  1 

2800  POWDER  MILL  ROAD 

ADELPHIA,  MD  20783 

COMMANDER 

NAVAL  SURFACE  WEAPONS  CTR 
ATTN:  TECHNICAL  LIBRARY  1 

CODE  X212 

DAHLGREN,  VA  22448 


NOTE:  PLEASE  NOTIFY  COMMANDER,  ARMAMENT  RESEARCH,  DEVELOPMENT,  AND  ENGINFERING 
CENTER,  US  ARMY  AMCCOM,  ATTN:  BENET  WEAPONS  LABORATORY,  SMCAR-CCB-TL , 
WATERVLIET,  NY  12189-4050,  OF  ANY  ADDRESS  CHANGES. 


NO.  OF 
COPIES 


DIRECTOR 

US  NAVAL  RESEARCH  LAB 
ATTN:  DIR,  MECH  DIV  1 

CODE  26-27,  (DOC  LIB)  1 

WASHINGTON,  D.C.  2037; 

COMMANDER 

AIR  FORCE  ARMAMENT  LABORATORY 
ATTN:  AFATL/MN  1 

AFATL/MNG  1 

EGLIN  AFB ,  FL  32542-5000 

METALS  &  CERAMICS  INFO  CTR 
BATTELLE  COLUMBUS  LAB  1 

505  KING  AVENUE 
COLUMBUS,  OH  43201 


WA.  «.  *.  v 


